**TO THE EDITOR**

Itch sensation is transmitted from the skin to the spinal cord by small-diameter, unmyelinated C fibers and thinly myelinated Aδ fibers ([@bib13]; [@bib11]). In human skin, C fibers mediating pruritus are either mechanically insensitive, histamine-sensitive nerves or mechanically sensitive, polymodal nociceptors that are unresponsive or only weakly responsive to histamine ([@bib13]; [@bib11]). In addition, data combined from human and nonhuman primate experiments identified mechanically sensitive Aδ fibers that contribute to histamine-induced and non-histamine, cowhage spicule--induced itch ([@bib11]). Histologic markers for itch-sensing nerves in human skin include the capsaicin receptor, transient receptor potential vanilloid 1 (TRPV1) ([@bib13]; [@bib11]), and the vasoactive peptides calcitonin gene--related peptide (CGRP) or substance P (SP) ([@bib2]). However, these histologic markers alone cannot differentiate Aδ and C fibers that perceive itch from those that sense pain. In rodent models, gastrin-releasing peptide receptor (GRPR), expressed in the dorsal horn lamina I, mediates a central nervous system itch--specific pathway ([@bib15]; [@bib16]). In mice, gastrin-releasing peptide (GRP), the ligand for GRPR, is expressed in both the skin and the dorsal root ganglion by peptidergic (i.e., containing CGRP and SP) nerves that express TRPV1 ([@bib15]; [@bib6]; [@bib17]; [@bib5]; [@bib3]). Although GRP is not likely to be the principal excitatory neurotransmitter activating GRPR-expressing spinal cord dorsal horn neurons, GRP-expressing neurons still may mediate itch-specific signals from the skin to the spinal cord in rodents ([@bib5]; [@bib1]). Accordingly, MrgprA3 expression defines a subset of mouse primary cutaneous sensory neurons that mediate itch, and 93% of MrgprA3-positive neurons coexpressed GRP ([@bib6]; [@bib4]). Given the putative role of GRP-expressing nerves in mediating itch in these animal models, we sought to determine whether nondiseased human skin contains GRP-expressing nerves that show histologic features of primary afferent pruriceptors.

Disease-free human skin from 17 patients (nine women, mean age 66.9 years±14.7; eight men, mean age 61.2 years±9; [Supplementary Table S1](#sup1){ref-type="supplementary-material"} online) was used for fluorescence immunohistochemistry on 80-μm-thick sections (see [Supplementary Methods](#sup1){ref-type="supplementary-material"} online). GRP(+) nerves (confirmed by costaining with protein gene product 9.5 (PGP9.5)) were identified in all patients and from all sites ([Table 1](#tbl1){ref-type="table"}, [Supplementary Table S1](#sup1){ref-type="supplementary-material"} online). GRP(+) nerves were primarily located in the papillary dermis as free nerve endings terminating at the dermoepidermal junction (DEJ) ([Figure 1](#fig1){ref-type="fig"}), and in this anatomic skin compartment comprised between ∼5 and 15% of all PGP9.5(+) staining ([Supplementary Table S1](#sup1){ref-type="supplementary-material"} online). GRP(+) nerves were not identified within the epidermis of human skin but were identified tightly associated with some appendageal structures, including hair follicles and eccrine glands ([Supplementary Figure S1](#sup1){ref-type="supplementary-material"} online). Determining regional variation in GRP nerve density has relevance to future studies comparing diseased with nondiseased skin. After categorizing the samples into three anatomic locations (scalp/head/neck, trunk, and extremities), we found only modest site differences in the % of PGP9.5 nerve length that is GRP(+) at the DEJ ([Table 1](#tbl1){ref-type="table"}), indicating near-uniform anatomic distribution of GRP(+) nerves in human papillary dermis.

Itch-sensing fibers are thought to be peptidergic, expressing SP and CGRP ([@bib2]). We identified GRP expression in both CGRP(+) and CGRP(−) ([Figure 1](#fig1){ref-type="fig"} and [Supplementary Figure S1](#sup1){ref-type="supplementary-material"} online, [Supplementary Table S2](#sup1){ref-type="supplementary-material"} online) and SP(+) and SP(−) nerves ([Figure 1](#fig1){ref-type="fig"}, [Supplementary Table S3](#sup1){ref-type="supplementary-material"} online) at the DEJ. The majority of papillary dermal GRP(+) nerves were SP(+) (median 98.2, 25--75% quartiles, 32.8--100%), whereas these GRP(+) nerves were significantly less likely to be CGRP(+) (median 50.9, 25--75% quartiles, 18.8--80% *P*=0038). Similarly, GRP(+) neurons comprised a significantly larger proportion of SP(+) nerves at the DEJ (median 86.4, 25--75% quartiles, 40.0--100%) than of CGRP(+) nerves (median , 28.0, 25--75% quartiles, 8.1--43.3% *P*\<0.0001). Finally, this GRP antibody colabeled with a peptidergic nerve fiber population in mouse skin ([Supplementary Figure S2](#sup1){ref-type="supplementary-material"} online, [Supplementary Table S4](#sup1){ref-type="supplementary-material"} online), similar to that previously reported ([@bib15]; [@bib6]; [@bib17]; [@bib5]; [@bib3]).

As both Aδ and C fibers mediate itch, we next examined whether GRP(+) fibers at the DEJ belonged to the Aδ fiber (neurofilament 22 (NF200)+) and/or the C fiber (NF200−) populations of nerves (see Methods). Combining the 17 subjects, GRP(+) nerves comprised 38.1% (median, 25--75% quartiles, 8.7--60.0%) of C fibers and 66.3% (median, 25--75% quartiles, 41.0--91.3%) of Aδ fibers ([Figure 1](#fig1){ref-type="fig"}, [Table 1](#tbl1){ref-type="table"}), with this difference being significant (*χ*^2^ 7.63, DF1, Prob\>*χ*^2^ 0.0057). The majority of GRP(+) C fibers and GRP(+) Aδ fibers coexpressed SP (median 88.4, 25--75% quartiles, 34.3--100% median 100, 25--75% quartiles, 95.9--100%, respectively) ([Figure 1](#fig1){ref-type="fig"}).

Our identification, in human skin, of GRP-expressing C and Aδ fibers that coexpress either SP or CGRP makes these neurons candidate primary afferent pruriceptors. Moreover, putative broad GRPR expression in human skin, including keratinocytes, makes possible additional functions for this nerve population ([@bib14]). As for SP and CGRP nerves, GRP-expressing nerves comprised a minority of the nerve plexus in human papillary dermis and predominantly terminated at the DEJ without intraepidermal extension. Itch-specific signaling has been known to reside superficially in human skin ([@bib9]). However, whether human intraepidermal nerve fibers (IENFs) and/or papillary dermal nerves signal itch is not clear. Pain-sensing pathways, thought to reside deeper in the dermis, may block, at the level of the spinal cord, a coactivated superficial itch signal ([@bib2]; [@bib13]; [@bib12]). This superficial itch signal in humans may reside preferentially at the DEJ, and not in IENFs, given the paradoxical loss of IENFS in some chronic pruritic conditions ([@bib10]; [@bib8]). In mice, molecular silencing of a population of TRPV1(+) primary nociceptive sensory neurons unmasked a chronic cutaneous scratching phenotype, possibly mediated by residual signaling from GRP(+) itch-sensing primary sensory neurons ([@bib5]; [@bib7]). Extending this work to humans, the location of GRP(+) nerves makes this population a prime candidate to selectively signal itch from the DEJ in some skin diseases where pain-only sensing nerves, such as in the epidermis, are preferentially lost---a hypothesis we are now actively testing.

The Boston University IRB approved this study and did not require patient consent for the use of de-identified and otherwise discarded surgical tissue; the study was conducted according to the Declaration of Helsinki Principles.
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###### 

Click here for additional data file.

![**Characterization of gastrin-releasing peptide (GRP)-expressing nerves in the dermoepidermal junction (DEJ)/papillary dermis in human skin.** Immunohistochemical triple staining showing (**a**, **d**, and **g**) GRP, (**b**) calcitonin gene--related peptide (CGRP), and (**c**) overlay of GRP (red), CGRP (green), and protein gene product 9.5 (PGP9.5) (blue), (**e**) substance P (SP), (**f**) overlay of GRP (red), SP (green), and PGP9.5 (blue), (**h**) neurofilament 200 (NF200), and (**i**) overlay of GRP (red), NF200 (green) and SP (blue). (**c**) White pseudocolor indicates GRP(+)/CGRP(+)/PGP9.5(+) staining. (**c**) Thin arrows highlight GRP(−)/CGRP(−)/PGP9.5(+) intraepidermal nerve fibers. (**d**--**f**) Thick arrows indicate GRP(+)/SP(+)/PGP9.5(+) staining; (**d**, **f**) Arrowheads highlight GRP(+)/SP(−)/PGP9.5(+) staining (pink pseudocolor, (**f**)). (**f**) Thin arrows highlight GRP(−)/SP(−)/PGP9.5(+) nerves. (**g**, **i**) Arrowhead indicates GRP(+)/NF200(−)/SP(+) staining (pink pseudocolor, (**i**)). (**h**, **i**) Thin arrow highlights GRP(−)/NF200(+)/SP(−) staining. (**g**--**i**) Thick arrows indicate GRP(+)/NF200(+)/SP(+) staining (white pseudocolor, (**i**)). (**a**, **d**, and **h**). der, dermis; epi, epidermis. Bars=50 μm.](jid2013194f1){#fig1}

###### Human papillary dermis nerve staining results

  **Human papillary dermal nerve staining**                                             **Head/neck/scalp**                    **Trunk**                       **Extremities**
  ------------------------------------------------------------------------- -------------------------------------------- ---------------------- ----------------------------------------------
  \% Of PGP9.5(+) nerves that are also GRP(+)[1](#t1-fn1){ref-type="fn"}     7.7, 3.8--12.1[2](#t1-fn2){ref-type="fn"}       7.8, 4.3--10.9       9.8, 7.6--16.6[2](#t1-fn2){ref-type="fn"}
  \% Of PGP9.5(+) nerves that are also CGRP(+)[1](#t1-fn1){ref-type="fn"}    8.4, 4.6--17.3[3](#t1-fn3){ref-type="fn"}    20.8, 13.1--30.4^3a^   17.9, 10.3--30.3[3b](#t1-fn3){ref-type="fn"}
  \% Of GRP(+) nerves that are also CGRP(+)[1](#t1-fn1){ref-type="fn"}       36.3, 6.9--70.2[4](#t1-fn4){ref-type="fn"}   81.9, 42.6--97.3^4a^   67.2, 35.8--86.6[4b](#t1-fn4){ref-type="fn"}
  \% Of CGRP(+) nerves that are also GRP(+)[1](#t1-fn1){ref-type="fn"}                    20.4, 5.9--44.5                   36.6, 22.5--40.1                   35.7, 21.3--63.2
  \% Of PGP9.5(+) nerves that are also SP(+)[1](#t1-fn1){ref-type="fn"}                    8.8, 4.2--14.7                    5.1, 2.2--10.5                     8.1, 7.2--15.2
  \% Of GRP(+) nerves that are also SP(+)[1](#t1-fn1){ref-type="fn"}                      82.6, 37.3--100                    57.7, 0.0--100                     100, 74.2--100
  \% Of SP(+) nerves that are also GRP(+)[1](#t1-fn1){ref-type="fn"}                      69.3, 46.6--100                   42.5, 0.0--89.2                     100, 88.3--100
  \% Of GRP(+) nerves that are also C fibers[1](#t1-fn1){ref-type="fn"}                   48.1, 20.1--73.6                  27.5, 11.3--48.4                    12.9, 0--47.8
  \% Of GRP(+) nerves that are also Aδ fibers[1](#t1-fn1){ref-type="fn"}                  51.9, 26.4--79.9                  72.5, 51.6--88.9                   87.1, 52.2--100
  \% Of GRP(+) C fibers that are also SP(+)[1](#t1-fn1){ref-type="fn"}                    74.8, 40.6--100                      52, 1--100                       100, 17.3--100
  \% Of GRP(+) Aδ fibers that are also SP(+)[1](#t1-fn1){ref-type="fn"}                    100, 59.3--100                    100, 95.2--100                     100, 100--100

Abbreviations: CGRP, calcitonin gene--related peptide; GRP, gastrin-releasing peptide; PGP9.5, protein gene product 9.5; SP, substance P.

Median, 25--75% quartiles.

*P*=0.0184, *α=*0.05.

*P*=0.005; ^3--3b^*P*=0.0037.

*P*=0.0058; ^4--4b^*P*=0.0294.
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